Climate change is globally recognized as one of the key drivers of degradation of coastal wetland ecosystems, causing considerable alteration of services provided by these habitats. Quantifying the physical impacts of climate change on these services is therefore of utmost importance. Yet, practical work in this field is fragmented and scarce in current literature, especially in developing countries which are likely to suffer most from the adverse climate change impacts. Using a coherent scenario-based approach that combines assessment of physical impacts with economic valuation techniques, here we quantify potential climate change driven losses in the value of wetland ecosystems services due to relative sea-level rise (RSLR)-induced inundation in the vulnerable Western coastal area of Bangladesh in 2100. The results show a small inundation area in 2100 under the three IPCC climate scenarios of RCP2.6 (with 0.25 m of RSLR), RCP6.0 (with 1.18 m of RSLR), and RCP8.5 (with 1.77 m of RSLR) for the coastal wetland ecosystems including the Sundarbans mangrove forest, neritic system and aquaculture ponds. In all scenarios, RSLR will drive a loss in the total value of ecosystem services such as provision of raw materials, and food provision, ranging from US$ 0-1 million to US$ 16.5-20 million, respectively. The outcomes of this study reveal that RSLR-induced inundation on its own, is unlikely to be a major threat to the wetland ecosystems in Western coast of Bangladesh. This would suggest that other climate change impacts such as coastal erosion, increase in frequency of cyclone events, and sea temperature rise might be the likely primary drivers of change in the value of wetland ecosystems services in this area.
Introduction
Climate change (CC) is likely to intensify coastal hazards imposing significant challenges on coastal regions (Adger et al., 2005) . Populated coastal areas located in low elevation zones are highly vulnerable to CC impacts -in particular -to sea-level rise (SLR) (Nicholls, 2004 (Nicholls, , 2015 Weisse et al., 2014; Spalding et al., 2014; Dasgupta et al., 2017) and extreme floods (Aerts et al., 2014; de Moel et al., 2015) . As a result of these impacts, wetlands and corresponding ecosystems will likely lose their resilience, changing in functions and structures (Peñuelas et al., 2017) . As the socio-economic well-being of coastal communities is dependent on the services that coastal ecosystems provide (Mehvar et al., 2018b) , it is important to have a good understanding of potential CC impacts on the wetland ecosystems services (WES) in coastal areas.
Following the history of CC studies, an over-focused assessment of only the primary impacts of CC is seen in coastal and marine areas. These fundamental impacts comprise ocean acidification, rising mean oceans temperature and sea-level, alteration in precipitation patterns, changes in frequency and intensity of coastal storms, etc. (Pernetta, 1992; Scavia et al., 2002; Harley et al., 2006; Hoegh-Guldberg et al., 2007; Nicholls and Cazenave, 2010; Sumaila et al., 2011; Cheung et al., 2011; Spalding et al., 2014) . Recent studies have explored quantitative assessment of CC impacts on coastal WES by presenting few applications mostly in localized case studies, analyzing the coastal habitat loss and resulting decrease in monetary value of WES. For example, Barange et al. (2017) report that due to AR5 carbon emission scenarios adopted by the Intergovernmental Panel on Climate Change (IPCC), over the 21st century, the monetary loss of carbon sequestration service of the https://doi.org/10.1016/j.ocecoaman.2018.12.009 Received 2 July 2018; Received in revised form 9 December 2018; Accepted 11 December 2018 North Atlantic Ocean is estimated to range between US$ 170-3000 billion and US$ 23-401 billion in mitigation and adaptation costs, respectively. Yoskowitz et al. (2017) also show that under the IPCC A1B SRES scenario and a maximum SLR of 0.69 m, selected coastal ecosystem services (disturbance regulation, waste regulation, recreation, and aesthetics) provided by the fresh marshes in Galveston Bay, Texas, will potentially face losses of more than US$ 40 million annually. Similar quantitative estimations of CC driven variation in the value of WES can be also seen in the studies conducted by Roebeling et al. (2013) for the entire Europe, and by Kuhfuss et al. (2016) for a case study in France.
Yet, such quantitative estimations are scarce in the literature, especially in developing countries where the primary data both on physical impacts and valuation are limited and difficult to obtain (Mehvar et al., 2018b) . The potential repercussion of any CC driven variation in WES would be particularly high in developing countries due to the inherently low adaptation capacity, and the high dependency of local communities on WES. This study aimed to quantify the potential CC driven variations in the value of WES in the Western coast of Bangladesh as a case study.
Bangladesh is the 3rd most susceptible country to SLR in the World in terms of the number of people affected (Minar et al., 2013) . Hence, the focus of this study was the relative sea-level rise (RSLR)-induced inundation. The term RSLR here, refers to the sum of mean sea-level rise and the rate of local land subsidence. The study area covers two wetlands: (1) an estuary containing the Sundarbans mangrove forest (SMF) adjacent to the marine area representing mangrove swamps and neritic ecosystems, and (2) the aquaculture lands located mostly in the Northern part of the SMF. The study area choice is also driven by the fact that the Western coastal area of Bangladesh contains the Sundarbans swamps, which is recognized as the richest natural forest and most economically valuable coastal ecosystem in Bangladesh (Mondal and Debnath, 2017) . This region is widely threatened by CC impacts such as increasing the frequency and intensity of cyclones, erosion, SLR, salt water intrusion and inundation (Loucks et al., 2010; Minar et al., 2013; Payo et al., 2016; Dasgupta et al., 2017) . The low-lying geography of the area, combined with high population density, lack of efficient infrastructural and institutional capacity predefines the high vulnerability, therein (Denissen, 2012) .
Methods

Study area
The study area with a total extent of 13,000 km 2 is situated in the Western coastal area of Bangladesh in the three districts of Khulna, Satkira and Bagerhat, containing the Sundarbans forest adjacent to the Bay of Bengal in the South. Fig. 1 shows the land use map of the study area representing estuarine river and aquaculture lands as the two dominant wetlands containing the SMF and neritic system which are the coastal ecosystems considered in this study. The Sundarbans was originally measured about 200 years ago with an extent of 16,700 km 2 (Mahadevia and Vikas, 2012; Mondal and Debnath, 2017) , that has now dwindled to approximately one third of its original size. The Sundarbans has been threatened by several natural and human induced factors such as climate change impacts (e.g. sealevel rise), overexploitation of forest resources, changes in coastal land use, increased salinity level, etc. (Islam and Bhuiyan, 2018) . The SMF is widely accepted to be the largest single patch of mangrove forest in the World (Das and Siddiqi, 1985; Ali, 1994; Iftekhar, 1999; Rahman, 2003; Biswas et al., 2007; Roy et al., 2013; Uddin et al., 2013; Payo et al., 2016) . The part of this forest located in Bangladesh is about 6000 km 2 (Uddin et al., 2013; Hossain et al., 2018) , comprising of 4143 km 2 of land area and 1874 km 2 of water area (Dasgupta et al., 2018) . Tidal creeks and mud flats are the main characteristics of the Sundarbans . The majority of this region lies at elevations between 0.9 m and 2.1 m above mean sea-level (Iftekhar and Islam, 2004; Hazra et al., 2016) . The interior parts of the intertidal zone and mudflats govern the morphology of the SMF, which serves as a desirable habitat for about 300 species of flora and 425 species of fauna, some of which are being threatened and endangered (Biswas et al., 2007) . The Sundarbans region is known for its unique biodiversity (Dasgupta et al., 2018) , providing a large nursery area for birds and numerous species of small fishes, crabs, shrimps, reptiles, and mammals such as tigers. This natural environment contributes considerably to fishery (fishing and aquaculture) which is one of the major livelihoods in Bangladesh being threatened by CC impacts such as SLR and saline water inundation (Chand et al., 2012) . Notably, the threat of SLR to the SMF is still unclear (Payo et al., 2016) and the potential resilience capacity of the Sundarbans swamps to a certain inundation regime (as referred to ''elevation capital'' by Lovelock et al., 2015) is highly uncertain. The inundation tolerance capacity which varies remarkably among mangrove species (Yang et al., 2013) depend on the tidal range, positive effects of sediment supply and mangroves response to the increase in water salinity. On the other hand, this threatening impacts of CC on fishery, and in particular on aquaculture, are also now being increasingly recognized (Chand et al., 2012) . Aquaculture with an impressive growth rate of about 9% per year contributes more to fishery sector in Bangladesh, compared to capture fisheries with its 4% growth rate (DOF, 2010; Belton and Azad, 2012) .
More than 3 million people living in Bangladesh benefit from the WES provided by the West coast of Bangladesh and, especially by the Sundarbans swamps (Giri et al., 2007) . Apart from providing habitat for flora and fauna, the SMF also contributes to the wood-based industry in Bangladesh by providing raw materials such as timber, fuelwood and thatching. Tourism as a cultural service is another service provided by the SMF due to the aesthetic and recreational value of its scenic landscapes for local and foreign visitors. The tourism industry has been improving over the years in the West coast of Bangladesh as a result of an increase in organized recreational tours and improved tourism facilities (Uddin et al., 2013) .
Methodology
To quantify potential CC driven damages to the WES in the West coast of Bangladesh, the three-step methodological approach presented by Mehvar et al. (2018b) was applied. First, by employing standard economic valuation techniques, the present monetary value of WES was estimated using the original field work undertaken for this study. Secondly, using a scenario-based approach grounded in expert knowledge and secondary data from a thorough literature review, the potential impacts of RSLR-induced inundation on the pre-valued WES were identified for the year 2100 under three IPCC climate change scenarios (RCPs 2.6, 6.0 and 8.5). Finally, the resulting losses of WES were quantified by combining the results of previous two steps.
Step 1 -current status: valuation of WES
In the first step of this study, standard economic techniques (i.e. contingent valuation, market price and net factor income) were applied for estimating the present value of WES currently provided by the SMF, neritic system and aquaculture lands. In this study, aquaculture lands together with two natural ecosystems (mangrove forest and neritic system) were considered as one consistent system named "wetland ecosystems". From a variety of services which are provided by wetland ecosystems in Bangladesh (e.g. flood control, erosion stabilisation, climate regulation service such as carbon sequestration, etc.), here four WES were considered. The assessment of other important services were excluded due to limitation in data and resources. The four considered WES are recreation or tourism, food provision (fish and other marine species), provision of raw materials (timber and fuelwood), and art value. Valuation of these services was described in detail in the Supplementary Material -section 1, which was adapted from the similar approaches used by Van Beukering and Wolfs (2012) , Schep et al. (2012) , Schep et al. (2013) , and Van de Kerkhof et al. (2014b) . More information on the economic valuation of coastal ecosystem services including the best available practices can be found in Mehvar et al. (2018a) .
2.2.2.
Step 2 -physical impacts: identifying potential impacts of RSLRinduced inundation on WES by 2100 2.2.2.1. Development of inundation scenarios. In this step, first the extent of the inundated area due to RSLR in 2100 (relative to 2008) was determined along the West coast of Bangladesh for the three IPCC scenarios of RCP2.6, RCP6.0 and RCP8.5. These three RSLR scenarios developed for the study area are based on different local estimates of RSLR reported by IHE (2016), including a local land subsidence (LS) rate of 8.8 mm/year (81 cm by 2100) for the Western coast derived from Brown and Nicholls (2015) and Roy et al. (2017) . Table 1 shows the calculated RSLR by 2100 including and excluding land subsidence for each RCP. Notably, in order to encapsulate the largest possible difference in the extent of inundated area, here the maximum variation of RSLR was used by considering lower and upper projections for the scenarios RCP 2.6, RCP 6.0 and RCP 8.5 while selectively including or excluding the land subsidence (since the future land subsidence rates are uncertain over the time scale of this study). This resulted in the development of three scenarios A, B, and C, representing each RCP indicated in Table 1 . The inundated area due to the above computed RSLR was determined by using the most recent digital elevation map (DEM) of Bangladesh coastal area which is available with a spatial resolution of 30 m (https://earthexplorer.usgs.gov). Fig. 2 shows the inundation area determined by using ArcGis and a bath tub approach corresponding to the three developed scenarios A, B, and C.
2.2.2.2. Potential impacts of RSLR-induced inundation on WES in 2100. SLR can physically affect the coastal area by flooding and submerging ecosystems as an immediate effect, as well as erosion as a longer term effect (Nicholls and Cazenave, 2010) . In this study, only the impacts of inundation due to RSLR on WES were considered, implying that increasing water salinity as a side effect of inundation was also considered as a threat to the WES.
To identify the potential impact of RSLR-induced inundation on WES, here a "what if scenario" approach was used, combined with secondary data from the literature. In this approach, related attributes for each WES were defined to analyse how inundation can potentially affect each of these attributes. For this analysis, depending on each service, its attributes and the 2100 inundation scenario, the impacts were quantified by assigning a range of change for each attribute, resulting in changes of WES value for the three RCPs. Therefore, by considering an impact indication, a 10% increase or decrease in the value of attributes was represented for each + or -sign, respectively. This implies different ranges of change as 0%-10%, 11%-20%, 21%-30%, 31%-40%, corresponding to the assigned impact indications from one to four +/− signs.
For two services (food provision, and art), local fishermen and experts who deal with art works were interviewed to elicit their opinions regarding the likely future changes of wetland ecosystems due to inundation. For the two other services (provision of raw materials, and tourism), a "what if scenario" was considered by which potential losses of these two services were hypothetically assumed, depending on the extent of inundated area in each scenario. It should be emphasized that, in this study the wetland ecosystems were considered as one system. Therefore, the impacts of RSLR-induced inundation on each of the SMF, aquaculture ponds, and marine area were not separately assessed, since the limited available data did not allow the evaluation of these impacts on the share of services provided by each wetland ecosystem. This qualitative assessment is described in detail for each service as follows:
2.2.2.2.1. Impacts on food provision service (fish and marine species). CC can potentially affect the fishery industry and the lives of fishing communities by increasing the frequency of storm events (Minar et al., 2013) , and by SLR causing wetland submergence and salt intrusion. These impacts result in changing the food provision service provided by the neritic system (Bay of Bengal) and the SMF (i.e. two coastal ecosystems considered), and aquaculture fish ponds (i.e. manmade coastal wetland), which are situated in the North West of the SMF.
Here, we relied on the following literature for the basis of analysing the primary CC impacts on fishery: Goldes et al. (1988) (2010); and Mahadevia and Vikas (2012) . Following this literature, different fishery related variables, which can potentially be affected by RSLR-induced inundation were identified. For example, distribution pattern and fish abundance can potentially be altered due to climate change impacts such as water temperature rise, changes to the ocean chemistry, ocean acidification, expansion of oxygen minimum zones, and climate-induced changes in hydrography (Portner and Knust, 2007; Mohanty et al., 2010; Sumaila et al., 2011) . In addition, flooding of low lying areas due to SLR may provide an ideal habitat for the fish community due to the occurrence of salt water (MAB, 2009; Williams and Rota, 2010) . Since the literature mentioned above do not specifically assess the inundation impacts on fishery due to SLR, here it was used as a basis to further develop the scenario-based approach used in this study, by considering a number of fishery-related variables that can potentially be affected by inundation.
After identifying the variables, the likely impacts of inundation on these variables were identified by eliciting local fishermen's opinions (as an average magnitude, rounded off to our impact indication ranges), derived from the consultations and interviews with 80 randomly selected fishermen that were conducted individually and in group conversations. To this end, a qualitative assessment was conducted and impact indications were assigned to each variable, depending on the interview results and the extent of inundated area. The role of these impacts was linked to the producer surplus 1 value of the food provision service, and the potential change in the value was ultimately quantified by summing the loss values estimated for each fishery-related variable. 2.2.2.2.2. Impacts on recreation/tourism service. Changes in the value of recreation or tourism service, provided mainly by the SMF and marine area, and to a smaller extent by the aquaculture lands, were estimated by assessing the potential impacts of RSLR-induced inundation on the producer surplus 2 value of this service. To this end, eight tourism-related attributes were considered as stated by the visitor interviews in a custom-designed questionnaire, in which the visitors were asked to rank their preferred aspects (among the attributes) for which they visited the study area. Here, it was aimed to include the possible attributes considered as "the most enjoyed aspects" that directly or indirectly may attract the visitors to visit the study site. However, an extra option was added to the attributes as "other, specify", in case the visitors would like to state any other attribute/ aspect as their reason/motivation to visit the area. These attributes include tranquillity, natural landscape, friendly local people, safety, welfare facility for visitors, watching bird/live species, enjoying the beach area, and climate. The results represent each attribute with a weighted contribution level (as a percentage) to the total pre-estimated producer surplus value. The total RSLR-induced inundation impact on recreation value was ultimately identified by assigning the quantitative impact indication (as defined before) to each (weighted) recreational attribute which varies for each inundation scenario. The hypothetical assignation of impact indications to the recreation service was necessary due to the scarcity of data and the lack of a similar application/methodology for conducting quantitative assessments.
2.2.2.2.3. Impacts on art service. To estimate the changes to art service provided by the SMF, marine area and aquaculture lands, first the art-related attributes were determined including coastal landscape as well as flora and fauna. Further, a range of scenarios of negative impacts 3 of inundation (by assigning the pre-defined impact indications)
were presented to randomly selected artists and experts who deal with the art works (paintings, photos, etc.) in five different locations in the study area. Through this consultation and scenario-based approach, the ultimate negative impact was identified (as an average magnitude, rounded off to our impact indication ranges) by eliciting expert opinions on changes in art related attributes (i.e. coastal landscape, flora and fauna) which was different for each inundation scenario. 2.2.2.2.4. Impacts on provision of raw materials service (timber and fuelwood). Submergence of mangroves below mean sea-level (MSL) together with the impacts of soil and river salinity are the main factors that govern the loss of merchantable wood volume (adapted from Chaffey et al., 1985; Minar et al., 2013) . Similar to the art value assessment, there is no established approach to quantify the inundation driven losses of the wood sources provided by the SMF. Therefore, here, a scenario-based approach was used, in which, depending on the extent of inundated area and lost mangrove area, different negative impact indications were considered on the wood market value. Notably, due to existence of the embankments which are partially located along the Northern boundary of the SMF, here a moderate level of landward migration of mangrove swamps was assumed, accommodating more space for this ecosystem to migrate while inundation occurs. This would imply consideration of more conservative impact indications for quantifying potential changes in the value of raw materials provided by the SMF due to likely effects of RSLR-induced inundation by 2100.
2.2.3.
Step 3 -monetizing climate change impacts: quantifying the monetary changes in the WES value
In the third and final step of the methodology used here, the environmental losses for each RCP were quantified by using the results of environmental impact identification (section 2.2.2), combined with the present monetary value of WES estimated in section 2.2.1. The final loss values were estimated in terms of present value (PV) of money (in 2017 price) implying that the discounting rate 4 was assumed to be zero, meaning that the current value of money was assumed to be the same as that in future.
Results
The results are presented below in two parts; (1) Present monetary value of WES; and (2) Potential losses in the value of WES due to RSLRinduced inundation by the year 2100 under three RCPs. Table 2 shows a summary of the present WES value of the Western coast of Bangladesh, which was estimated in million (MM) Bangladeshi Taka (BDT) and US Dollars per hectare 5 (with the exchange rate of December 2017). According to the results, food provision (in terms of fish and marine species) represents the highest WES value estimated at 135 US$/Ha. Provision of raw materials represents the second most valuable WES at 27 US$ per hectare of the mangrove area of the Sundarbans, followed by recreation service (1.7 US$/Ha), while art value represents only 0.01 US$/Ha in the study area. These derivation of estimates are described in detail for each WES in Supplementary material.
Present-day value of WES
3.2. Changes in the value of WES due to RSLR-induced inundation in 2100 3.2.1. Changes in the food provision value (fish and marine species) Table 3 shows the identification of potential impacts of inundation on fishery industry for each considered RSLR scenario, leading to changes in the value of food provision service provided by the wetland ecosystems in the study area. Expected inundation impacts were justified for each variable as indicated in Table 3 (adapted from Mehvar et al., 2018b) .
Since the producer surplus represents the net revenue (gross revenue subtracted by the costs) generated by the fishery industry, in this analysis, the likely inundation impacts on catch volume, and market price as well as fishing and adaptation costs were considered. By identifying these impacts, resulting changes in the food provision service were quantified (see Table 4 ). For example, inundation increases the extent of natural nursery habitat for fishes, resulting in a likely 1 Total fishery value is calculated by estimating the producer surplus (PS) value, representing the net revenue generated by the fishery industry (see more details in Supplementary material).
2 Total tourism value is calculated by estimating the producer surplus (PS) value, representing the net revenue generated by the visitors (see more details in Supplementary material). 3 The data for such losses are currently unavailable. Thus, these assessments of the share of losses on art-related attributes could be considered as scenarios. 4 In economic analysis, discounting a value refers to an estimate of the current value of future sum of money which decreases over time by using a discount rate. 5 The estimation of raw materials value (timber and fuelwood) was considered only for the mangroves area of the Sundarbans with extent of 3778 km 2 , according to Payo et al. (2016) , while the value of other three services were estimated per hectare of the whole wetland ecosystems considered as the SMF, neritic system and aquaculture lands with total size of 8300 km 2 . increase in catch volume, and hence lower market price. Therefore, producer surplus is expected to remain constant, due to the opposite effects of gross revenue and costs which will neutralize each other.
Changes in the food provision value due to RSLR-induced inundation was ultimately calculated as a range for each variable by using potential impact indications (Table 3) , when the appropriate 'contribution to the producer surplus value (%)'was multiplied by the pre-estimated (present-day) 'producer surplus' value. The total change was finally calculated by summing the changes of producer surplus associated with each variable, resulting in losses of 0-323 million BDT (US$ 0-3,800,000), 818-1110 million BDT (US$ 9,800,000-13,300,000), and 1374-1664 million BDT (US$ 16,500,000-20,000,000) for scenarios A, B, and C, respectively. Fig. 3 shows the results of ranking eight tourism related attributes by visitors, indicating that natural landscape and climate were selected respectively as the most and least favoured attributes. This ranking indicated by percentage was then taken to be representative of the contribution level of each attribute to the total pre-estimated presentday recreation value. Table 5 presents the analysis of RSLR-induced inundation impacts on recreation value indicating that inundation may potentially affect some of the recreational attributes (e.g. natural landscape, welfare facility for visitors), while it may impose no impact on some others (e.g. climatic condition). The potential future change in the value of each attribute was calculated by multiplying potential impact indications 
Changes in the recreation/tourism value
Due to probability of considerable damage to the fish ponds while inundation occurs.
Table 4
Changes in the food provision value due to RSLR-induced inundation by 2100 for the three scenarios considered (in 2017 BDT, discounting rate k = 0 Fig. 3 . Contribution of each recreational attribute to the total tourism value as indicated by visitors through ranking of their preferred attributes.
assigned in Table 5 with the 'contribution to the total value' derived from Fig. 3 and the pre-estimated 'producer surplus' value. Total change was calculated by summing the changes of producer surplus associated with each attribute, resulting in estimated losses of 0-8.2 million BDT (US$ 0-98,400), 8.9-16.4 million BDT (US$ 106,800-196,800), and 17.2-24.7 million BDT (US$ 206,000-296,000) for scenarios A, B, and C, respectively. Table 6 shows the estimation of changes in the art value of the wetland ecosystems. This analysis resulted in assigning low ranges of change to both attributes in Scenario A (0-10%), increasing to higher losses ranging between 21 and 30% for Scenario C in which a larger inundated area was considered.
Changes in the art value
The total loss value was calculated by multiplying the potential impact indications assigned in Table 6 with the estimated present-day value, and summing the resulting loss values of the two attributes (assuming equal contribution to the total value) for each RSLR scenario. The results indicate losses of 0-0.12 million BDT (US$ 0-1450), 0.13-0.25 million BDT (US$ 1550-3000), and 0.26-0.37 million BDT (US$ 3100-4400) for scenarios A, B, and C, respectively. Table 7 shows the results of this part, indicating a conservative scenario of 0-10% reduction in the value of raw materials for both Scenarios B and C, while no potential loss was considered for Scenario A, in which the SMF is not exposed to inundation due to 25 cm of RSLR by 2100 (see Fig. 2 ). The total loss value was calculated by multiplying the potential impact indications assigned in Table 7 with the estimated present-day value for each Scenario. The results indicate potential losses in the range of 0-85 million BDT (US$ 0-1,000,000) for both scenarios B and C, and no expected loss for Scenario A.
Changes in the value of raw materials (timber and fuelwood)
Discussion
The few available case studies have quantified potential changes in the value of WES due to CC impacts by using biochemical modelling (Barange et al., 2017) , and mathematical models such as SLAMM (Yoskowitz et al., 2017) and DIVAA (Roebeling et al., 2013) . However, here an alternative and straight forward approach is proposed, adapted from Mehvar et al. (2018b) , grounded in primary and secondary data, as well as expert opinions to estimate the likely changes of WES due to different RSLR-induced inundation in the West coast of Bangladesh in 2100.
In this study, the estimated changes in the value of four WES indicate (maximum) total potential losses in the range of US$ 16.5-20 MM, and US$ 0-1 MM for the services of food provision (fish and marine species), and provision of raw materials (timber and fuelwood), respectively. The estimated (maximum) losses for tourism and art services are lower in the range of US$ 206,000-296,000 and US$ 3100-4,400, respectively. These maximum estimates represent the changes under the worst case Scenario C (with 1.77 m of RSLR). Table 8 provides an overview of the losses, estimated in 2017 prices, in BDT/Ha and US$/Ha for the three considered inundation scenarios in 2100.
Note that, given the 2100 time horizon, here a zero-discounting rate was used for all estimates, since this rate is widely accepted as a good option for long term (more than 30 years) projects with intergeneration consequences and sustainability view of the World (Voinov and Farley, 2007) . However, to address the uncertainty related to discounting, a sensitivity analysis was done for the loss values of Sundarbans' WES in 2100 with four non-zero discounting factors. The results of this analysis are in line with the discourse on the discounting rates in climate change and sustainability literature (Voinov and Farley, 2007; Saez and Requena, 2007) , showing that the valuation outcomes are sensitive to the choice of a discounting rate. The results of sensitivity analysis are presented in the Supplementary Material -section 2.
Existing literature on the coastal area of Bangladesh (mostly related to the SMF) provide a few differing assessments of physical CC impacts. For example, Loucks et al. (2010) reported that 28 cm of SLR would result in a great loss of the SMF and degradation of more than 95% of area where the tigers inhabit, while Colette (2007) suggested that global SLR of 45 cm will cause 75% degradation in the area of the SMF by 2100. On the contrary, more recent studies present a different picture in which small inundation areas are attributed to projections of different SLR scenarios in Bangladesh. For example, Dasgupta et al. (2018) found that a 1.2 m SLR by 2100 will not inundate the core region of the Sundarbans, showing that even under the worst case SLR scenario, the Sundarbans will remain above the mean sea-level. In Table 5 Changes in the recreation value due to RSLR-induced inundation by 2100 for the three scenarios considered (in 2017 BDT, discounting rate k = 0). Each -indicates a 10% decrease in the characteristics of the attributes compared to present. Negative values indicate a loss compared to the present-day. NE: No effect. Table 6 Changes in the art value due to RSLR-induced inundation by 2100 for the three scenarios (in 2017 BDT, discounting rate k = 0). Each -indicates a 10% decrease in the characteristics of the attributes compared to present. Negative values indicate a loss compared to the present-day. addition, Payo et al. (2016) showed that less than 10% of the present SMF area is likely to be lost as a result of different RSLR scenarios of 46 cm, 75 cm and 1.48 m by 2100 (considering combined effects of erosion and inundation). Similarly, Lovelock et al. (2015) suggested that the Sundarbans will persist beyond the year 2100 even under the most severe SLR scenario of 1.4 m by 2100. The main reason for the differing assessments in the above mentioned literature, is the usage of different DEM files, leading to different projections of inundation in the Bangladesh coastal area. In some studies, such as Payo et al. (2016) and Dasgupta et al. (2018) , the DEM file was created by using the elevation data collected by FINNMAP (a Finish consultancy firm) in 1991 for the Sundarbans, while Hazra et al. (2016) used a DEM file created from the elevation data collected by the Survey of Bangladesh (SOB), Institute of Water Modelling (IWM) and CEGIS.
In our study, the most recent open-source DEM file was used, provided by USGS (2017) https://earthexplorer.usgs.gov with a spatial resolution of 30 m and elevation accuracy of 1 m. The small inundated area estimated for the three scenarios considered here, is due to the relatively high elevation of the study area (especially in the SMF) which is nearly 2 m (and higher) above the MSL. This is in agreement with the average elevation data used in other studies such as Iftekhar and Islam (2004) , Payo et al. (2016) , and Hazra et al. (2016) . However, a finer resolution (both vertical and spatial) DEM will provide better insights on the topography of the Western coast of Bangladesh.
The small inundated area of SMF in this study is in line with the findings of Lovelock et al. (2015) , who suggests that mangrove forests are likely to persist at sites with high tidal range (here is about 4 m), even with a high rate of RSLR and low level of sediment availability. Notably, the small inundation area in this study would limit landward migration of the SMF. This natural response of mangroves to inundation, can play a vital role in preserving the mangrove forests, preventing losses in the services provided by this ecosystem. It should be emphasized that, here the MSL (as zero elevation reference) was assumed to be the lowest elevation, at which mangroves can provide services, thus no expansion and recovery was considered for the submerged mangroves.
RSLR impact assignation
Quantitative assessment of the RSLR-induced inundation impacts on WES was based on the scenario-based approach presented by Mehvar et al. (2018b) , which is grounded in primary and secondary data supported by expert opinions. This approach was considered in relation to the inundated area implying that the more the area is inundated, the higher the potential impacts will be. Notably, impact indications were applied in a range with 10% variability rather than affecting the services with a single deterministic value, which is due to the very uncertain change in future climate.
For example, a conservative impact range was considered for the provision of raw materials service of the SMF for the Scenario B and C ( Table 7) . Assignation of this low impact range (0-10%) was driven by two reasons: (1) low projection of inundation shown in Fig. 2 conveys that only small parts of the SMF (about 5%), which are adjacent to the river will be inundated, and therefore our study area is expected to be less affected by the water salinity; and (2) the Sundarbans as a multispecies forest is likely to be more resilient to SLR, due to interspecific facilitation (Huxham et al., 2010; Ward et al., 2016) .
With respect to the food provision service (Table 3) , the impact indications on different fish/fishery related variables, depend on whether the variables contribute to the fresh water or aquaculture-related fishery. Since it is shown (Fig. 2) that the inundation will mostly occur in the Northern part of the Sundarbans where the aquaculture-ponds are dominantly located, a higher impact indication was therefore assigned (upto 51%-60% for Scenario C). This is because the physical variable of fish ponds area is expected to be severely damaged and affected by the interference of salt water (Minar et al., 2013) . However, for other variables, given the small inundation area, lower impact of 21%-30% was assigned for Scenario C.
As indicated in Table 4 , a constant contribution level of 10% was assigned for most of the fishery related variables, while nursery habitat and fish ponds were weighted higher (25%) than other attributes, and therefore contributed more to the producer surplus value. 6 This would represent the weight of each fishery-related variable as a percentage of the total value of producer surplus. These percentages are approximate indications (adapted from Mehvar et al., 2018b) , since there is no concrete evidence available yet to enable quantitative estimation of CC driven changes (in particular, RSLR-induced inundation) to the fishery related variables over a long time span.
To quantify potential inundation impacts on tourism service, a constant impact indication was assigned (e.g. 21%-30% of the estimated value in Scenario C) for the recreation-related attributes, depending on the extent of inundated area. However, the small inundated area in the Sundarbans region, especially in the Scenario A, has led us to consider a conservative range of change (0-10%) in the recreation value of the SMF, and the marine area. This approach could be also considered as a scenario, since no data could be collected and used for such quantitative assessment. To estimate the present-day value of tourism service, we attempted to use the contingent valuation method to calculate the consumer surplus value. In order to do so, it was aimed to elicit visitors' willingness to pay to conserve the coastal environment of Western Bangladesh, and to not lose the recreational attributes associated with its ecosystems. However, the respondents stated that they can not afford any monetary contribution, and even if it is affordable, they were not willing to pay, since they believe that they are not responsible for the damages to the coastal wetlands and associated ecosystems in Western Bangladesh. Because of this reluctance observed in the interviews, calculation of consumer surplus value was excluded from the valuation study (step 1), and tourism value of wetland ecosystems was therefore based on the net revenue generated by the visitors (producer surplus).
The likely factors affecting the results
Apart from the likely changes of future climate and its impacts on coastal wetlands, many factors such as anthropogenic and non CC-related factors may also affect coastal and marine ecosystems and the outcomes of this study. For example, construction of coastal protection structures, human-induced water pollutions, changes in tourist expenditure, sample size, market price of fish or timber, types of mangrove species, income and its distribution, expert opinions, ecological responses, and even social norms will likely change these estimates by the year 2100. Our sensitivity analysis (presented in the Supplementary material) indicates that the discounting rate remarkably affects the results in the expected direction. Given the long-term horizon for this WES valuation, to avoid placing less importance on the future RSLRinduced inundation in Bangladesh, zero-discounting rate was used as the base case for reporting our results. This is in line with the statement of Voinov and Farley (2007) , conveying that catastrophic events occurring far enough in the future (e.g. global warming) can be treated as essentially irrelevant today, (even) if a very low discounting rate is considered.
Relevance of this study to the current conflicts in management of the Sundarbans region
The western coastal area of Bangladesh, and in particular, the Sundarbans mangrove forest has historically been the subject of environmental conflicts leading to the degradation of this coastal ecosystem (Aziz and Paul, 2015) . For example, the extent of the SMF in Bangladesh has been reduced due to a decrease in sediment-laden freshwater discharge through the river system since the 1975 commissioning of the Farakka Barrage in India (Aziz and Paul, 2015) . This degradation has resulted in losses of plant species such as Heritiera fomes (sundri) which is one of the most commercially important plants. According to Aziz and Paul (2015) , other conflicts leading to the degradation of the SMF include over-harvesting by grazing, fishing, pollution, reduction of silt deposition, and coastal hazards (e.g. erosion, tropical cyclones and tsunamis). In addition, expansion of shrimp farming in Sundarbans (in an unplanned way) due to extremely low shrimp farming costs, has transformed some areas of the SMF that provides valuable ecosystem services, into private aquaculture lands that only contributes to the food provision service (Shahid and Islam, 2003; Afroz and Alam, 2012) . Such schemes do not consider the longterm sustainability of coastal resources.
Apart from the factors mentioned above, there is a conflict between Sundarbans forest officials and fishermen which has led to the establishment of wildlife sanctuary for fishermen (Ghosh, 2015) . This conflict highlights the issue of balancing biodiversity conservation, while still providing a livelihood to the Sundarbans local community (Ghosh, 2015) . From a broader perspective, many international conservation agreements have been signed between Bangladesh and India providing legal frameworks to protect the SMF, but their implementation is still suffering from some limitations (Iftekhar, 2010) . Some of these limitations include the lack of a comprehensive environmental impact assessment for the SMF, activities associated with resource extraction, and conflict between trade and export policies.
The results of this study can address some of the conflicts mentioned above and facilitate the sustainability of the SMF and the services that this wetland ecosystem provides. This can be done by: (1) communicating the value of SMF services estimated (tourism, art, food provision, provision of raw materials), and raising the local community awareness on the economic contribution of these services to their benefits; and (2) encouraging public participation for supporting environmental conservation schemes in the Sundarbans region. The results of this study can also: (1) provide better insights for decision/ policy makers on how vulnerable the region is to climate change-driven hazards (in particular to RSLR-induced inundation with different possible 2100 scenarios), and to what extent the value of the selected SMF services is likely to decrease in a long time span; and (2) help decision makers to reach a compromise between the SMF conservation schemes and land conversion plans for aquaculture purposes which need a collaborative approach towards addressing the issue of sustainable utilization practices. The outcomes can also contribute to future environmental impacts assessment in Sundarbans by highlighting the potential losses in the value of ecosystem services as estimated here for the food provision, tourism, and art services.
Conclusion
In this study, potential changes in the value of ecosystem services due to RSLR-induced inundation were estimated for three scenarios by 2100 in the wetlands along the Western coastal area of Bangladesh. To this end, a three-step approach was used, in which economic valuation techniques were combined with a scenario-based approach. This approach was here applied to quantify potential losses in the value of four WES; food provision (fish and marine species), tourism, art and provision of raw materials (timber and fuelwood) which are provided by the SMF, aquaculture lands, and neritic system (Bay of Bengal). The monetization of WES was done by using a combination of contingent valuation, market price and net factor income techniques, based on the original field work undertaken in this study in 2017 in Western Bangladesh.
The results revealed low to medium changes in the value of services provided by the wetland ecosystems for all the three considered inundation scenarios; Scenario A with 0.25 m of RSLR, Scenario B with 1.18 m of RSLR, and Scenario C with 1.77 m of RSLR. The results represented maximum potential losses of 5%, 16% and 17% of the present-day value of raw materials, food provision and recreation services respectively, for the worst case inundation scenario (C). Notably, the results showed that, the loss associated with art value is likely to be higher at 40% of its present-day value for the same scenario.
The outcomes of this study are expected to provide a better insight to the little known issue of quantifying CC driven changes to the coastal WES, evidence for which is scarce in the current literature. Such quantitative assessment is of high importance, especially in Bangladesh and other developing countries where the flood resilience is not enough to properly cope with the rapid pace of CC impacts on the coastal wetland ecosystems in such data-scarce environments. 6 Such a higher contribution level for fish ponds and fishing community may not be justifiable at locations where the fishery industry is not as aquaculturedependent as it is in the Sundarbans region.
